We studied age-related variation in body mass and epididymal distension in male Daubenton's bats. Examination of data on epididymal distension in young of the year indicates that some reach sexual maturity by the year of birth, whereas others do so in their 2nd summer. Body mass and epididymal distension were positively correlated in young of the year and adults, suggesting that early sexual maturation and reproductive condition during later life are dependent on body condition. Older males tended to be heavier and in better reproductive condition than younger ones. Examination of our data suggests that physical and reproductive condition of males increase after the initial onset of fertility until 3 years of age. This late physical maturation is in line with other life-history traits characterizing long-lived bats as K-strategists among small mammals.
The life history of small mammals is generally characterized by early physical maturation, start of breeding at a young age, high number of offspring per litter, and a short life span (Millar 1977; Millar and Hickling 1991; Promislow and Harvey 1990) . Bats are an exception to this rule. They exhibit unusual life histories for small-sized mammals in that they are long-lived, develop more slowly, and produce few offspring per litter (Austad and Fischer 1991; Gaisler 1989; Holmes and Austad 1994; Partridge and Barton 1993; Promislow and Harvey 1990; Wilkinson and South 2002) . All bat species of temperate climate zones are insectivorous and are therefore subject to seasonal fluctuations in prey availability. The food intake, energy expenditure, and reproductive activity of bats from temperate zones are thus tightly constrained by both ambient temperature and food availability (Wilson 1979) . Hibernation is an adaptation for overcoming the food shortage in winter, and hibernating species exhibit pronounced seasonal variation in body mass (Ransome 1990 ). To cover their energy demands during hibernation, the animals build up fat deposits after the breeding season (Ewing et al. 1970; Kunz et al. 1998; Speakman and Rowland 1999) . During hibernation, these body-fat reserves gradually decline. Bats are thus lightest when they leave their hibernation roosts. Mating activity starts in late summer when the animals have again increased their body mass and are in their best physical condition.
Previous studies on male Daubenton's bats (Myotis daubentonii) from central Europe showed that body mass of adult individuals (i.e., of males ! 1 year of age) increases during spring and then remains relatively unchanged until August. Later, body mass increases again and peaks in October. Body mass of male young of the year increases continuously from birth until the end of October. In October, differences in body mass and forearm length are no longer significant between young of the year and adult males (Encarnação et al. 2004b; Kokurewicz and Bartmańska 1992) .
Spermatogenesis in Daubenton's bats extends until late summer. The spermatozoa that are released from the testes pass into the epididymides, where they are stored in the cauda epididymidis. The reproductive condition of males can be assessed from a visual inspection of the degree of distension of their caudae epididymides. Maximum epididymal distension in Daubenton's bats from central Germany was recorded in September, and in October a decreasing tendency was observed, suggesting previous reproductive activity in a high number of males (Encarnação et al. 2004a) . This is in contrast to the view expressed by Strelkov (1962) , who studied Daubenton's bats in the Leningrad (Russia) area and concluded that most matings occur during the animals' stay in the hibernacula (see discussion in Encarnação et al. 2004a) .
Although the variations in body mass and in reproductive condition of male Daubenton's bats during the seasonal activity period were analyzed in previous studies (Encarnação et al. 2004a (Encarnação et al. , 2004b , the question of differences between age classes of males with respect to these factors has not been studied in this species to date. The present study reports data on body mass and epididymal distension in free-living, male Daubenton's bats from a 6-year German study. We investigated at what age males reach sexual maturity, whether the reproductive condition of males (expressed as epididymal distension) is related to their physical condition (expressed as body mass), and whether physical condition and reproductive condition of male Daubenton's bats tend to improve beyond their 1st year of life.
MATERIALS AND METHODS
The study was conducted from 1998 to 2003 near Staufenberg (Hesse, central Germany; 508399470N, 88459140E) . This area is used as a summer habitat by a male-dominated population of M. daubentonii. Males use tree roosts singly or in groups of up to 51 individuals in a mixed forest (highest elevation ¼ 274 m) that is situated at the border of a valley and is dominated by deciduous trees. In the valley, a brook with accompanying vegetation is used as a flight path to a pond (170 m elevation) situated a few hundred meters away. The pond and brook are the most important foraging areas of the population. Additional foraging areas are located along stretches of a river approximately 4 km away (Encarnação et al. 2002) . Mistnetting was conducted from April to October during nightly emergence at different locations along the flight path to the pond. In addition to mistnetting, animals were caught with a funnel-shaped basket trap at known roosts.
On 1st capture, adult males and young of the year were distinguished based on the presence of unfused and translucent phalangeal epiphyses (Anthony 1988; Racey 1988) and the presence of a welldefined, black chin-spot (Richardson 1994) in the young. In total, 336 males were captured and marked by forearm-banding. A total of 832 observations on marked animals were made. As opposed to young of the year, individuals that were already adult when caught the 1st time, could on recapture be assigned only a minimum age. From this group, we used data from animals that were at least 4 years of age when analyzing the relationship between age and physical and reproductive condition.
Body mass was measured with a digital balance (Kern EM 150-1, Ballingen-Frommern, Germany) to the nearest 0.1 g. Degree of distension of the cauda epididymidis was visually estimated by comparison with reference photos (see Encarnação et al. 2004a ) and recorded as 0%, 25%, 50%, 75%, or 100%. Values were recorded for each epididymis separately and averaged for each male.
Differences among age classes (young of the year [0], 1, 2, and 3 year olds, and males ! 4 years of age [4þ]) in the seasonal variation of body mass and epididymal distension were examined using general linear model analysis. In addition, we performed a comparison of body mass and degree of epididymal distension among age classes for the month of August (days 214-244 of the year, n ¼ 103 individuals). This month was chosen because in August males of all age classes were most likely present in the study area because movement to hibernation sites starts after August, the bats were feeding exclusively on insects, because young are all weaned by August, and August is the period of steepest increase of both body mass and epipidymal distension during the seasonal cycle (Encarnação et al. 2004a (Encarnação et al. , 2004b . Data for the different age classes were compared by nonparametric analysis of variance (ANOVA; Kruskal-Wallis), followed by multiple pairwise comparisons with the Mann-Whitney U-test. To correct for error accumulation due to replicate testing, we applied Bonferroni a-adjustment.
The relationship between body mass and degree of epididymal distension in males captured during August and September was assessed by calculating Spearman rank correlations between the 2 variables. Contrary to the other tests, we also included (adult) males that could not be assigned to a specific age class in the correlation analysis.
The study was performed in compliance with the current animal care and nature conservation laws of Germany and was approved by the nature conservation authority of the administrative district of Giessen, federal state of Hesse. The study also followed guidelines of the American Society of Mammalogists for the capture, handling, and care of mammals (Animal Care and Use Committee 1998).
RESULTS
Both body mass and epididymal distension showed pronounced seasonal variation in all age classes. General linear model analysis revealed a significant main effect of the variables day of year (F ¼ 52.11, d.f. ¼ 1, 322, P , 0.000001) and age class (F ¼ 5.73, d.f. ¼ 4, 322, P ¼ 0.0002) on body mass. In addition, interaction of the 2 variables was significant (F ¼ 6.39, d.f. ¼ 4, 322, P ¼ 0.00006). For epididymal distension, the effect of the variable day of year (F ¼ 110.21, d.f. ¼ 1, 326, P , 0.000001) and the interaction effect age class Â day of year were significant (F ¼ 32.43, d.f. ¼ 4, 326, P , 0.000001). This indicates that an age influence on epididymal distension (reproductive condition) was only given during a certain period of the year, that is, during the reproduction period.
The largest differences among age classes occurred in August, with body mass showing a clear increase with age ( Fig. 1) . Highest individual body masses were recorded in males aged 4 years or older (age class 4þ), whereas median body mass was highest in the group of the 3-year-old males. than males from all other age classes, and body mass of males ! 4 years of age significantly exceeded those of 1-and 2-yearold males (Fig. 1) .
Similar to body mass, the degree of epididymal distension in August increased with age (Fig. 2) . Values differed significantly among age classes (Kruskal-Wallis ANOVA: H ¼ 63.17, d.f. ¼ 4, P , 0.001, n ¼ 103). The degree of epididymal distension in young of the year was significantly lower than that in all other age classes, and values for males !4 years significantly exceeded those for 1-year-old males (Fig. 2) . Body mass and degree of epididymal distension of males caught during August and September were positively correlated (r s ¼ 0.47, P , 0.000001, n ¼ 322). The relationship between the 2 variables remained significant when the analysis was restricted to either adult males (r s ¼ 0.23, P , 0.001, n ¼ 238) or to young of the year (r s ¼ 0.29, P , 0.01, n ¼ 84).
DISCUSSION
Both physical condition (expressed as body mass) and reproductive condition (expressed as epididymal distension) of male Daubenton's bats showed pronounced seasonal variation in all age classes. In addition, significant differences in body mass and epididymal distension existed among the age classes. In August, body mass and epididymal distension of adult males were significantly higher than those of the young of the year. Differences also existed among adults, with older males exhibiting higher values than younger ones. Body mass and degree of epididymal distension were positively correlated both in young of the year and in adult males, indicating that reproductive condition was dependent on physical condition.
The results of the present study are consistent with those of other studies on bats (Entwistle et al. 1998; Speakman and Racey 1986 ) and other mammals (e.g., Lincoln 1998), which also showed that reproductive condition of males is closely linked to their physical condition. Major factors controlling body mass gain in bats during the seasonal activity period are access to productive foraging areas and energy expenditure for flying, which is related to the distance between roost site and foraging area (Beasley and Zucker 1986; Henry et al. 2002) .
Examination of our data on degree of epididymal distension in young of the year indicates that male Daubenton's bats can undergo spermatogenesis for the 1st time at 2-3 months of age. This is in agreement with the findings of Kokurewicz and Bartmańska (1992) who, based on field observations and histological studies on reproductive organs, stated that male Daubenton's bats can reach sexual maturity, that is, start to produce viable spermatozoa (Racey 1974) , in their year of birth. Male young of the year are thus capable of participating in reproduction before their 1st hibernation period. The findings of the present study further suggest that males that do not achieve sexual maturity in their year of birth do so in their 2nd summer.
In a study on brown long-eared bats (Plecotus auritus) from Scotland, Entwistle et al. (1998) found that, although most males reached sexual maturity at about 15 months of age, 29% showed a degree of testicular and epididymal development at 3 months of age indicating that they had already reached sexual maturity in their 1st autumn. Because individuals reaching sexual maturity in their 1st autumn were relatively heavy, Entwistle et al. (1998) concluded that attainment of sexual maturity by male bats in their year of birth was probably dependent on their physical condition. The results of the present study clearly support this view.
Generally, older males (age classes 3 and 4þ) were heavier and in better reproductive condition than younger ones, with body mass and epididymal distension showing a tendency to increase with animal age at least until the 3rd year of life. This suggests that the development of physical and reproductive condition in male Daubenton's bats was not completed within 1 year; instead physical and reproductive condition continued to increase during later life. Therefore, it can be concluded that the process of physical and related reproductive maturation in male Daubenton's bats extends long beyond the initial onset of fertility, which can occur in the year of birth. Corresponding findings have been reported for males of other long-lived mammal species (e.g., Lincoln 1998) .
Based on the findings of the present study it can be hypothesized that mating success of male Daubenton's bats varies with age and body mass because prime-aged, heavy males are able to outcompete lighter (younger) males in access to females. It is further supposed that particularly young of the year are outcompeted; in August, these young of the year were significantly lighter than males from all other age classes. In a previous study (Encarnação et al. 2004b ), we showed that by October, young of the year are no longer significantly lighter than adult males. If the above reasoning is correct, it would mean that, although they are potentially capable of reproducing, young of the year may be prevented from doing so by competition with older males and may therefore not form part of the effective breeding population. However, so far no data are available on the differential reproductive success of male Daubenton's bats of different ages, body weight, or both that would allow the above hypothesis to be tested.
In conclusion, the results of the present study indicate that male Daubenton's bats can reach sexual maturity by about 3 months of age, depending on their physical condition. Examination of our data further suggests that physical and reproductive condition of male Daubenton's bats increases until 3 years of age. This late maturation is in agreement with findings on other life-history traits, such as the low number of offspring per litter (Gaisler 1989) , which characterize long-lived bats as K-strategists. This is in marked contrast to other mammals of similar size, such as shrews, which exhibit early physical and reproductive maturation and can be classified as r-strategists (Barclay and Harder 2003) .
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